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MANUFACTURING METHOD FOR THIN FILM TRANSISTOR USING THE SAME 

(57) Abstract 

[Problem] To provide a manufacturing method for a thin film 
transistor, which may prevent lowering of insulating 
characteristic by controlling the end face shape of a laminated 
gate electrode of a lower layer metal film of 10 atomic % Mo-W 
and 0.9 atomic % Al-Zr to improve the coverage state of an 
interlayer insulation layer. 

[Means for Resolution] Polycrystalline silicon is formed as 
a semiconductor layer 2 on a glass substrate 1, and SiO 2 is 
formed thereon as a gate insulation layer 4. Further, a 
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laminated film of 10 atomic % Mo-W with a film thickness of 
100 nm as a first gate electrode 5 and 0.9 atomic % Al- Zr with 
a film thickness of 100 nm as a second gate electrode 6 is 
deposited by a sputtering process, and a first wet etching is 
performed with mixed acid of phosphoric acid, nitric acid, 
acetic acid and water. Subsequently, without removing a photo 
resist 7, the gate electrode layer is etched with mixed acid 
of phosphoric acid and water to cause the progress of side 
etching of the second gate electrode layer 6. Thus, the 
coverage property of the interlayer insulation layer 8 formed 
in the subsequent process can be ensured. 

claims: 

1 . A shape working method for a laminated film, in pattern 
formation for a laminated film of a lower layer metal film 
mainly composed of Mo and an upper layer metal film mainly 
composed of Al, comprising: a process of etching the laminated 
film at one time; and a process of selectively etching the upper 
layer metal film mainly composed of Al to be worked into a 
designated shape. 

2 . The shape working method for a laminated film 
according to claim 1, wherein in the process of selectively 
etching the upper layer metal film mainly composed of Al to 
be worked into a designated shape, etching is performed with 
etchant containing at least phosphoric acid. 
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3. The shape working method for a laminated film 
according to claim 1, wherein in the process of selectively 
etching the upper layer metal film mainly composed of Al to 
be worked into a designated shape , etching is performed with 
an organic alkaline etchant. 

4 • The shape working method for a laminated film 
according to claim 1, wherein in the process of selectively 
etching the upper layer metal film mainly composed of Al to 
be worked into a designated shape , etching is performed with 
alkaline etchant at least containing tetra methyl ammonium 
hydroxide. 

5* The shape working method for a laminated film 
according to one of claims 1 to 4 , wherein the lower layer metal 
film mainly composed of Mo is an alloy containing at least from 
0.5 to 30 atomic % W. 

6. The shape working method for a laminated film 
according to one of claims 1 to 5, wherein the upper layer metal 
film mainly composed of Al is an alloy containing at least from 
0.5 to 10 atomic % Zr. 

7 . The shape working method for a laminated film 
according to one of claims 1 to 5, wherein the upper layer metal 
film mainly composed of Al is an alloy containing at least from 
2 to 5 atomic % Nd. 

8. A manufacturing method for a thin film transistor, 
characterized in that in a manufacturing process for a thin 
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film transistor formed by stacking a semiconductor layer , a 
gate insulation layer , and a gate electrode in that order on 
an insulating substrate, a process of forming the gate 
electrode comprises: a process of depositing a laminated film 
of a lower metal film mainly composed of Mo and an upper layer 
metal film mainly composed of Al; a process of etching the 
laminated film at one time to be worked into a designated shape; 
and a process of selectively etching the end face of the upper 
layer metal film mainly composed of Al with etching mask 
material used in the above etching left undone. 

9. A manufacturing method for a thin film transistor , 
characterized in that in a manufacturing process for a thin 
film transistor formed by stacking a semiconductor layer , a 
gate insulation layer, and a gate electrode in that order on 
an insulating substrate, a process of forming the gate 
electrode comprises: a process of depositing a laminated film 
of a lower layer metal film mainly composed of Mo and an upper 
layer metal film mainly composed of Al; a process of etching 
the laminated film at one time to be worked into a designated 
shape; and a process of selectively etching and removing the 
upper layer metal film mainly composed of Al. 

10. The manufacturing method for a thin film transistor 
according to claim 8 or 9, wherein in the process of selectively 
etching the upper layer metal film mainly composed of Al to 
be worked into a designated shape, etching is performed with 
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an etchant at least containing phosphoric acid. 

11. The manufacturing method for a thin film transistor 
according to claim 8 or 9, wherein in the process of selectively 
etching the upper layer metal film mainly composed of Al to 
be worked into a designated shape , etching is performed with 
an organic alkaline etchant. 

12. The manufacturing method for a thin film transistor 
according to claim 8 or 9, wherein in the process of selectively 
etching the upper layer metal film mainly composed of Al to 
be worked into a designated shape, etching is performed with 
alkaline etchant containing at least tetra methyl ammonium 
hydroxide. 

13. The manufacturing method for a thin film transistor 
according to one of claims 8 to 12, wherein the lower layer 
metal film mainly composed of Mo is an alloy containing at least 
from 0.5 to 30 atomic % W. 

14. The manufacturing method for a thin film transistor 
according to one of claims 8 to 13, wherein the upper layer 
metal film mainly composed of Al is an alloy containing at least 
from 0.5 to 10 atomic % Zr. 

15. The manufacturing method for a thin film transistor 
according to one of claims 8 to 13, wherein the upper layer 
metal film mainly composed of Al is an alloy containing at least 
from 2 to 5 atomic % Nd. 
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Detailed Description of the Invention : 
[0001] 

[Technical Field to which the Invention Belongs] 
This invention relates to a thin film transistor applied 

to a liquid crystal display device, an image sensor and the 

like. 

[0002] 

[Prior Art] 

In recent years , a view finder of a home video camera 
and notebook-sized personal computer have been loaded with a 
liquid crystal display device, and among the liquid crystal 
display devices , an active matrix liquid crystal display device 
enabling high image quality display particularly has attracted 
the attention of people. In this active matrix liquid crystal 
display device, as a switching element of a pixel electrode, 
a thin film transistor (hereinafter referred to as TFT for 
short) is frequently used. 
[0003] 

This applicant has already proposed a TFT array shown 
in Fig. 3 in JP-A-8-285426 . In this TFT array, a semiconductor 
layer 2 is formed on a glass substrate 1, a gate insulation 
layer 4 is formed thereon, and further a gate electrode thereon 
is formed by a laminated film composed of Mo of a first gate 
electrode layer 5 and 3.5% Al-Nd of a second gate electrode 
layer 6. A source-drain region 3 is formed so that it is 
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connected to the semiconductor layer 2 . An interlayer 
insulation layer 8, a contact hole, and a source-drain 
electrode 9 are formed to constitute the TFT array. 
[0004] 

In the conventional TFT array thus constructed, as a gate 
electrode, for example, a laminated film of 10 atomic % Mo-W 
and 0.9% Al-Zr is used as a gate electrode. The laminated film 
can be easily etched by an etchant containing phosphoric acid 
and nitric acid, which is frequently used as an etchant for 
Al, so it has been worked by one etching using the above etchant. 
[0005] 

[Problems that the Invention is to Solve] 
The above configuration, however, has the problem that 
since it is difficult to control the shape of the end face of 
the laminated gate electrode, lowering of withstand voltage 
of the interlayer insulation layer between the gate electrode 
and the source-drain electrode and an inter-wiring short are 
easily caused. The problem will now be described. 
[0006] 

Since the gate electrode is a laminated film, it is 
necessary to at least optimize the composition of an etchant, 
the temperature of the etchant, the material composition of 
the gate electrode and the film thickness constitution of the 
gate electrode in order to control the etching shape of the 
end face. Further, a difference in etching rate between a 
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single layer film and a laminated layer film due to cell effect 
resulting from the laminating structure of different metals 
and a difference in etching state depending on the etching 
pattern shape due to the supply state and contact way of the 
etchant to the surface of a substrate are also caused. For 
these reasons, it is difficult to control the shape of end face 
of the laminated gate electrode with good reproducibility in 
every substrate or in the substrate. For example , the side 
etching of the upper layer gate electrode makes slow progress , 
resulting in being shaped like the so-called eaves. In the 
case of forming the interlayer insulation layer on the gate 
electrode of this type, encountered is the problem that the 
coverage characteristic of the interlayer insulation layer at 
the end face part of the gate electrode is deteriorated to 
easily cause lowering of withstand voltage between the gate 
electrode and the source-drain electrode and an inter-wiring 
short. Therefore, a method for improving the end face shape 
of the laminated gate electrode not to lower the insulating 
characteristic of the interlayer insulation layer has been 
expected. 
[0007] 

The invention has been made in the light of such 
circumstances and it is an object of the invention to provide 
a manufacturing method for a thin film transistor, which may 
control the end face shape of a laminated gate electrode of 
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a lower layer metal film mainly composed of Mo and an upper 
layer metal layer mainly composed of Al not to lower the 
insulating characteristic of the interlayer insulation layer. 
[0008] 

[Means for Solving the Problems] 

As means for solving the problems according to the 
invention, the following two constitutions 1), 2) are cited. 
1 ) In a manufacturing process for a thin film transistor formed 
by stacking a semiconductor layer, a gate insulation layer, 
and a gate electrode in that order on an insulating substrate, 
a process of forming the gate electrode includes a process of 
depositing a laminated film of a lower metal film mainly 
composed of Mo and an upper layer metal film mainly composed 
of Al, a process of etching the laminated film at one time to 
be worked into a designated shape and a process of selectively 
etching the end face of the upper layer metal film mainly 
composed of Al with etching mask material used in the above 
etching left undone. 
[0009] 

2) In a manufacturing process for a thin film transistor 
formed by stacking a semiconductor layer, a gate insulation 
layer, and a gate electrode in that order on an insulating 
substrate, a process of forming the gate electrode includes 
a process of depositing a laminated film of a lower layer metal 
film mainly composed of Mo and an upper layer metal film mainly 
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composed of Al, a process of etching the laminated film at one 
time to be worked into a designated shape and a process of 
selectively etching and removing the upper layer metal film 
mainly composed of Al. 
[0010] 

According to the invention , the following operations are 
respectively given by the above two constitutions. 
1) Further , the upper layer metal film is selectively etched 
with the etching mask used in etching the laminated gate 
electrode left undone, whereby the side etching is progressing 
in the end face of the upper layer metal film more than in the 
end face of the lower layer metal film. Accordingly , both end 
faces of the laminated gate electrode are made substantially 
uniform or stepped not to impair the coverage characteristic 
of the interlayer insulation layer formed thereon in the 
subsequent process. 
[0011] 

2) After the laminated gate electrode is etched , only 
the upper layer metal layer is selectively etched and removed , 
whereby only the lower layer metal film is left behind so that 
the end face shape of the gate electrode is stabilized not to 
impair the coverage characteristic of the interlayer 
insulation layer formed thereon in the subsequent process. 
[0012] 

[Mode for Carrying Out the Invention] 
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According to the invention described in claim 1 of the 
invention, a shape working method for a laminated film is 
characterized in that in pattern formation for a laminated film 
of a lower layer metal film mainly composed of Mo and an upper 
layer metal film mainly composed of Al, the method includes 
a process of etching the laminated film at one time and a process 
of selectively etching the upper layer metal film mainly 
composed of Al to be worked into a designated shape, wherein 
after the laminated film is etched, only the upper layer metal 
film is selectively etched. Thus, the end face shape of the 
laminated film is stabilized not to impair the coverage 
characteristic of a thin film or the like formed thereon in 
the subsequent process. 
[0013] 

According to the invention described in claim 2 of the 
invention, the shape working method for a laminated film as 
claimed in claim 1 is characterized in that in the process of 
selectively etching the upper layer metal film mainly composed 
of Al to be worked into a designated shape, etching is performed 
with etchant at least containing phosphoric acid, and the 
method has the effect that etching can be easily and selectively 
performed with the etchant containing phosphoric acid and 
further the method is useful for the case where the thin film 
other than the upper layer metal film has a lower etch rate 
to this etchant . 
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[0014] 

According to the invention described in claim 3 of the 
invention , the shape working method for a laminated film as 
claimed in claim 1 is characterized in that in the process of 
selectively etching the upper layer metal film mainly composed 
of Al to be worked into a designated shape , etching is performed 
with an organic alkaline etchant, and the method has the effect 
that etching can be easily and selectively performed with the 
organic alkaline etchant and further the method is useful for 
the case where the thin film other than the upper layer metal 
film has a lower etch rate to this etchant. 
[0015] 

According to the invention described in claim 4 of the 
invention, the shape working method for a laminated film as 
claimed in claim 1 is characterized in that in the process of 
selectively etching the upper layer metal film mainly composed 
of Al to be worked into a designated shape, etching is performed 
with alkaline etchant at least containing tetra methyl ammonium 
hydroxide (hereinafter referred to as TMAH for short), and the 
method has the effect that etching can be easily and selectively 
performed with the alkaline etchant at least containing TMAH 
and further the method is useful for the case where the thin 
film other than the upper layer metal film has a lower etch 
rate to this etchant. 
[0016] 
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According to the invention described in claim 5 of the 
invention, the shape working method for a laminated film as 
claimed in one of claims 1 to 4 is characterized in that the 
lower layer metal film mainly composed of Mo is an alloy 
containing at least from 0.5 to 3 0 atomic % W, and the method 
has the effect that the use of the Mo-W alloy enables 
improvement in the stability of the film such as moisture 
resistance more than the Mo simple substance, further the alloy 
containing from 0.5 to 30 atomic % W will be easily etched with 
etchant for Al containing nitric acid, and the etch rate can 
be controlled by W concentration. 
[0017] 

According to the invention described in claim 6 of the 
invention, the shape working method for a laminated film as 
claimed in one of claims 1 to 5 is characterized in that the 
upper layer metal film mainly composed of Al is an alloy 
containing at least from 0.5 to 10 atomic % Zr, and the method 
has the effect that since the Al-Zr alloy has high heat 
resistance about the occurrence of hillock, the stability of 
the film to the heat process is good. 
[0018] 

According to the invention described in claim 7 of the 
invention, the shape working method for a laminated film as 
claimed in one of claims 1 to 5 is characterized in that the 
upper layer metal film mainly composed of Al is an alloy 
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containing at least from 2 to 5 atomic % Nd, and the method 
has the effect that since the Al-Nd alloy has high heat 
resistance about the occurrence of hillock, the stability of 
the film to the heat process is good. 
[0019] 

According to the invention described in claim 8 of the 
invent ion , the manufacturing method for a thin film transistor 
is characterized in that in a manufacturing process for a thin 
film transistor formed by stacking a semiconductor layer, a 
gate insulation layer, and a gate electrode in that order on 
an insulating substrate, a process of forming the gate 
electrode includes a process of depositing a laminated film 
of a lower metal film mainly composed of Mo and an upper layer 
metal film mainly composed of Al, a process of etching the 
laminated film at one time to be worked into a designated shape 
and a process of selectively etching the end face of the upper 
layer metal film mainly composed of Al with etching mask 
material used in the above etching left undone. According to 
this method, with the etching mask in etching the laminated 
gate electrode left undone, further the above upper layer metal 
film is selectively etched. Thus, the side etching is 
progressing in the end face of the upper layer metal film more 
than in the end face of the lower layer metal film. Accordingly, 
both end faces of the laminated gate electrode are made 
substantially uniform or terraced not to impair the coverage 
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characteristic of the interlayer insulation layer formed 

thereon in the subsequent process. 

[0020] 

According to the invention described in claim 9 of the 
invention, the manufacturing method for a thin film transistor 
is characterized in that in a manufacturing process for a thin 
film transistor formed by stacking a semiconductor layer, a 
gate insulation layer, and a gate electrode in that order on 
an insulating substrate, a process of forming the gate 
electrode includes a process of depositing a laminated film 
of a lower layer metal film mainly composed of Mo and an upper 
layer metal film mainly composed of Al, a process of etching 
the laminated film at one time to be worked into a designated 
shape and a process of selectively etching and removing the 
upper layer metal film mainly composed of Al. According to 
this method, after the stacked gate electrode is etched, only 
the upper layer metal film is selectively etched and removed. 
Thus, only the lower layer metal film is left behind so that 
the end face shape is stabilized not to impair the coverage 
characteristic of an interlayer insulation layer formed 
thereon in the subsequent process. 
[0021] 

According to the invention described in claim 10 of the 
invention, the manufacturing method for a thin film transistor 
as claimed in claim 8 or 9 is characterized in that in the process 
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of selectively etching the upper layer metal film mainly 
composed of Al to be worked into a designated shape , etching 
is performed with an etchant at least containing phosphoric 
acid, and this method has the effect that etching can be easily 
and selectively performed with the etchant containing 
phosphoric acid and further the method is useful for the case 
where the thin film other than the upper layer metal film has 
a lower etch rate to this etchant. 
[0022] 

According to the invention described in claim 11 of the 
invention, the manufacturing method for a thin film transistor 
as claimed in claim 8 or 9 is characterized in that in the process 
of selectively etching the upper layer metal film mainly 
composed of Al to be worked into a designated shape, etching 
is performed with an organic alkaline etchant , and this method 
has the effect that etching can be easily and selectively 
performed with the organic alkaline etchant and further the 
method is useful for the case where the thin film other than 
the upper layer metal film has a lower etch rate to this etchant. 
[0023] 

According to the invention described in claim 12 of the 
invention, the manufacturing method for a thin film transistor 
as claimed in claim 8 or 9 is characterized in that in the process 
of selectively etching the upper layer metal film mainly 
composed of Al to be worked into a designated shape, etching 
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is performed with alkaline etchant at least containing TMAH, 
and this method has the effect that etching can be easily and 
selectively performed with the organic alkaline etchant at 
least containing TMAH and further the method is useful for the 
case where the thin film other than the upper layer metal film 
has a lower etch rate to this etchant. 
[0024] 

According to the invention described in claim 13 of the 
invention, the manufacturing method for a thin film transistor 
as claimed in one of claims 8 to 12 is characterized in that 
the lower layer metal film mainly composed of Mo is an alloy 
containing at least from 0.5 to 3 0 atomic % W, and this method 
has the effect that the use of the Mo-W alloy enables 
improvement in the stability of the film such as moisture 
resistance more than the Mo simple substance, further the alloy 
containing from 0.5 to 30 atomic % W will be easily etched with 
etchant for Al containing nitric acid, and the etch rate can 
be controlled by W concentration. 
[0025] 

According to the invention described in claim 14 of the 
invention, the manufacturing method for a thin film transistor 
as claimed in one of claims 8 to 13 is characterized in that 
the upper layer metal film mainly composed of Al is an alloy 
containing at least from 0.5 to 30 atomic % Zr, and this method 
has the effect that since the Al-Zr alloy has high heat 
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resistance about the occurrence of hillock, the stability of 

the film to the heat process is good. 

[0026] 

According to the invention described in claim 15 of the 
invention, the manufacturing method for a thin film transistor 
as claimed in one of claims 8 to 13 is characterized the upper 
layer metal film mainly composed of Al is an alloy containing 
at least from 2 to 5 atomic % Nd, and this method has the effect 
that since the Al-Nd alloy has high heat resistance about the 
occurrence of hillock, the stability of the film to the heat 
process is good. 
[0027] 

The mode for carrying out the invention will now be 
described with Figs. 1A to ID and 2A to 2D. 

(Embodiment 1) Figs. 1A to ID show a thin film transistor 
manufacturing process flow (sectional views) in the embodiment 
1 of the invention. 
[0028] 

First, on a glass substrate 1, as a precursor of a 
semiconductor layer 2, amorphous silicon with a film thickness 
of 50 nm is deposited by the plasma CVD method, and worked to 
be insular by photolithography and etching. Subsequently, 

thermal annealing is performed at 450 °C for two hours even 
in a vacuum, and the quantity of hydrogen in amorphous silicon 
is decreased so that at the time of laser annealing in the next 
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process , the film quality is not deteriorated by bumping of 

hydrogen in the amorphous silicon. 

[0029] 

In the laser annealing , XeCl laser with a wavelength of 
3 08 nm and, for example , energy of about 300 mJ-cm 2 is applied 
and crystallized to form polycrystalline silicon as the 
semiconductor layer 2. Silicon oxide with a film thickness 
of 100 nm is formed as a gate insulation film 4 thereon by an 
atmospheric pressure CVD method. 
[0030] 

Further , a laminated film composed of 10 atomic % Mo-W 
with a film thickness of 100 nm as a first gate electrode 5 
and 0.9 atomic % Al-Zr with a film thickness of 100 nm as a 
second gate electrode 6 is deposited by a sputtering process, 
and worked by photolithography and etching. 
[0031] 

At the time, a first etching for the gate electrode layer 
is performed by wet etching using mixed acid at 40 °C , which 
is obtained by mixing phosphoric acid ( specific gravity 1.69) : 
nitric acid (specific gravity 1.38) : acetic acid (specific 
gravity 1.05) : water = 16 : 1 : 2 : 1 (volume ratio). At the 
time, the etching end face is, for example, shaped like the 
eaves as shown in Fig. 1A. Subsequently, without removing a 
photo resist 7, a second etching for the gate electrode layer 
is performed with phosphoric acid : water =16:3 (volume ratio) 
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at 4 0°C , thereby causing the progress of side etching in the 
second gate electrode layer 6 to obtain the end face shape as 
shown in Fig. IB. The shape can be thus controlled to thereby 
ensure the coverage characteristic of an interlayer insulation 
layer 8 formed in the subsequent process. 
[0032] 

Subsequently , as shown in Fig. 1C, with the first gate 
electrode layer 5 and the second gate electrode layer 6 as a 
mask, phosphorus which becomes a donor is injected into a 
partial region of the semiconductor layer 2 to form a 
source-drain region 3 . 
[0033] 

At the time, by a method (an ion doping method) in which 
gas is resolved by high-frequency discharge plasma , for example, 
to generate ions at least containing elements to be injected, 
and the ions are accelerated by acceleration voltage without 
mass separation to be injected into an active semiconductor 
thin layer, phosphorus which becomes a donor is injected with 
phosphine gas diluted by hydrogen gas, whereby impurity can 
be sufficiently activated by heat treatment at 400 °C for thirty 
minutes . 
[0034] 

As shown in Fig. ID, as the interlayer insulation layer 
8, silicon oxide is formed 4 00 nm by atmospheric pressure CVD, 
for example, and then a contact hole is formed by 
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photolithography and etching. 
[0035] 

Further, Ti with a film thickness of 100 nm and Al with 
a film thickness of 400 nm are deposited and etched by a 
sputtering process to form a source-drain electrode 9 . Lastly, 

annealing is performed at 350 °C for sixty minutes in an 
atmosphere of hydrogen, thereby compensating for defects of 
polycrystalline silicon in the semiconductor layer 2 and the 
source-drain region 3 to complete a thin film transistor. 
[0036] 

The thin film transistor thus constructed according to 
the embodiment 1 has the following effects. After the first 
etching for the gate electrode layer, the end face is, for 
example, shaped like the eaves as shown in Fig. 1A. By the 
subsequent second etching for the gate electrode layer, the 
second gate electrode 6 is subjected to side etching to control 
the shape, thereby obtaining the end face shape as shown in 
Fig. IB. Thus, the coverage characteristic of the interlayer 
insulation layer 8 is improved to obtain a thin film transistor 
having good insulation performance between the gate electrode 
layers 5, 6 and the source-drain electrode 9. 
[0037] 

(Embodiment 2 ) Figs . 2A to 2D show a thin film transistor 
manufacturing process flow ( sectional views ) in the embodiment 
2 of the invention. The embodiment 2 will now be described 
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by the drawings. First, amorphous silicon with a film 
thickness of 50 nm is deposited as a precursor of a 
semiconductor layer 2 on a glass substrate 1 by the plasma CVD 
method, and worked to be insular by photolithography and 
etching. Subsequently, thermal annealing is performed at 

450°C for two hours in a vacuum, and the quantity of hydrogen 
in amorphous silicon is decreased so that at the time of laser 
annealing in the next process, the film quality is not 
deteriorated by bumping of hydrogen in the amorphous silicon. 
In the laser annealing, XeCl laser with a wavelength of 308 
nm and, for example, energy of about 3 00 mJ-cm 2 is applied and 
crystallized to form polycrystalline silicon as the 
semiconductor layer 2. A laminated film of silicon oxide with 
a film thickness of 100 nm formed by atmospheric pressure CVD 
method and TaOx with a film thickness of 50 nm formed by a 
sputtering process is formed as a gate insulation film 4 
thereon. 
[0038] 

Further, a laminated film composed of 10 atomic % Mo-W 
with a film thickness of 100 nm as a first gate electrode 5 
and Al with a film thickness of 100 nm as a second gate electrode 
6 is deposited by a sputtering process, and worked by 
photolithography and etching. At the time, etching for the 
gate electrode layer is performed by wet etching using mixed 
acid at 40°C , which is obtained by mixing phosphoric acid 
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(specific gravity 1.69) : nitric acid (specific gravity 1.38) : 
acetic acid (specific gravity 1.05): water =16:1:2:1 
(volume ratio). At the time, the etching end face is, for 
example, shaped like the eaves as shown in Fig. 2A. 
Subsequently, TaOx on the upper layer of the gate insulation 
film 4 is worked as shown in Fig. 2B by photolithography and 
dry etching. Subsequently, with the first gate electrode 
layer 5 and the second gate electrode layer 6 as a mask, 
phosphorus, which becomes a donor, is injected into a partial 
region of the semiconductor layer 2 by ion doping method to 
form a source-drain region 3. At the time, the phosphorus 
injected into the region covered with TaOx is less than that 
in the source-drain region 3 to form a LDD (Lightly Doped Drain) 
region 10. 
[0039] 

In the case of the present embodiment, with Mo-W 100 run 
thick, the impurity stopping power for the channel region in 
ion doping is short, so the stopping power is ensured by Al 
100 nm thick of the second gate electrode layer 6. After that, 
with the second gate electrode layer 6 as a mask, TaOx is removed 
by dry etching. The process of removing TaOx is a process 
necessary for sufficiently extracting the transistor 
characteristic of the LDD structure made according to the 
present embodiment, and this is necessary to eliminate 
influence of electric charges of TaOx in the LDD region 
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generated by the ion doping process. 
[0040] 

As a mask in removing TaOx, photo resist concerned with 
the mask alignment accuracy can't be used. Therefore, it is 
easiest to perform dry etching for TaOx with the gate electrode 
layer as a mask by CF 4 + 0 2 gas or the like. For this etching, 
the first gate electrode layer 5 of 10 atomic % Mo-W is etched 
so that it doesn't function as a mask, so Al of the second gate 
electrode layer is used and taken as a mask. 
[0041] 

After TaOx is removed, a second gate electrode layer is 
left behind with phosphoric acid : water = 16 : 3 (volume ratio) 
at 40°C, so the end face shape is as shown in Fig. 2C. 
Accordingly, the coverage characteristic of an interlayer 
insulation layer 8 formed in the subsequent process can be 
ensured. As the interlayer insulation layer 8, silicon oxide 
of 4 00 nm is formed by atmospheric pressure CVD, for example, 
and then a contact hole is formed by photolithography and 
etching. Further, Ti with a film thickness of 100 nm and Al 
with a film thickness of 400 nm are deposited and etched by 
a sputtering process to form a source-drain electrode 9. 
Lastly, annealing is performed at 350°C for sixty minutes in 
an atmosphere of hydrogen, thereby compensating for defects 
of polycrystalline silicon in the semiconductor layer 2 and 
the source-drain region 3 to complete a thin film transistor. 
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[0042] 

The thin film transistor according to the embodiment 2 
thus constructed has the following effects . After the first 
etching for the gate electrode layer, the end face is, for 
example, shaped like the eaves as shown in Fig. 2A. By the 
subsequent second etching for the gate electrode layer, the 
second gate electrode 6 is subjected to side etching to control 
the shape, thereby obtaining the end face shape as shown in 
Fig. 2C. Thus, the coverage characteristic of the interlayer 
insulation layer 8 is improved to obtain a thin film transistor 
having good insulation performance between the gate electrode 
layers 5, 6 and the source-drain electrode 9. Further, since 
the Mo-base alloy used in the first gate electrode layer 5 is 
relatively unstable material to moisture resistance or the like, 
the surface is not exposed in the air to the utmost immediately 
before the interlayer insulation layer 8 is formed on the upper 
layer so as to prevent alteration. 
[0043] 

Although plasma CVD method is used as a method for forming 
a precursor of the semiconductor layer in the embodiments 1, 
2, any method such as a low pressure CVD method, a sputtering 
process, a vacuum evaporation method or a photo assisted CVD 
method may be used if it can form a designated precursor. 
[0044] 

Although XeCl laser light is applied to crystallize the 
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precursor of the semiconductor layer in the embodiments 1,2, 
any method for crystallizing the precursor may be used, for 
example, application of Ar ion laser light or thermal annealing 
by a furnace may be performed. 
[0045] 

Although the polycrystalline silicon is used as the 
semiconductor layer in the embodiments 1, 2, any material 
acting as a semiconductor may be used, such as amorphous silicon, 
microcrystal silicon, mono-crystalline silicon, germanium, 
silicon germanium, or gallium arsenide. 
[0046] 

Although Si0 2 formed by the atmospheric pressure CVD 
method is used as the gate insulation layer in the embodiments 
1,2, any silicon oxide may be used, for example, silicon oxide 
formed by deposition method such as a low pressure CVD method, 
a sputtering process, or an ECR-CVD method may be used. 
[0047] 

Although TaOx formed by the sputtering process is used 
as the gate insulation film in the embodiment 2, any material 
acting as the gate insulation layer may be used, for example, 
SiNx formed by deposition method such as a low pressure CVD 
method, a plasma CVD method, a sputtering process, or an ECR-CVD 
method may be formed. 
[0048] 

Although 10 atomic % Mo-W is used as the first gate 
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electrode 5 in the embodiments 1, 2, any material mainly 
composed of Mo may be used if it is etched by nitric acid, but 
not etched by phosphoric acid, and the material may be Mo or 
an alloy mainly composed of Mo and containing from 0.5 atomic % 
to 30 atomic % W may be used. 
[0049] 

Although 0.9 atomic % Al-Zr and Al are used as the second 
gate electrode 6 in the embodiments 1, 2, respectively, any 
metal mainly composed of Al may be used, and the metal may be 
Al or an alloy mainly composed of Al and at least containing 
from 0.5 atomic % to 10 atomic % Zr. Further, the metal may 
be an alloy mainly composed of Al and at least containing from 
2 atomic % to 5 atomic % Nd. 
[0050] 

Although the ion doping method is used as a method for 
injecting a designated element in the embodiments 1, 2, any 
method for injecting a designated element may be used, for 
example, an ion implantation method and a plasma doping method 
may be used. 
[0051] 

Although phosphorus is used as a donor for forming the 
source-drain region in the embodiments 1, 2, any material 
acting as a donor such as arsenic may be used in the case of 
manufacturing an n-channel thin film transistor, and in the 
case of manufacturing a p-channel thin film transistor, any 
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material acting as an acceptor such as aluminum or boron may 

be used. 

[0052] 

Although the laminated film of Ti and Al is used as the 
source-drain electrode in the embodiments 1, 2, any material 
acting as an electrode may be used, for example, a transparent 
conductive layer such as polycrystalline silicon or ITO where 
metal such as Ti, Cr, Ta, Mo or Al and impurity are doped in 
a large quantity may be used. 
[0053] 

Although Si0 2 formed by atmospheric pressure CVD method 
is used as an interlayer insulation layer in the embodiments 
1, 2, any material acting as an insulation layer may be used, 
for example, silicon nitride or tantalum oxide formed by 
deposition method such as a low pressure CVD method, a plasma 
CVD method, a sputtering process or an ECR-CVD method may be 
used. 
[0054] 

Although the glass substrate is used in the embodiments 
1, 2, any material having the insulating surface may be used, 
for example, a plastic substrate, or a crystalline silicon 
substrate or metal plate where silicon oxide is formed on the 
surface thereof may be used. 
[0055] 

Although phosphoric acid : water = 16 : 3 (volume ratio) 
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is used in the process of selectively etching the second gate 
electrode layer in the embodiments 1, 2, any material may be 
used if its etching selection ratio of the second gate electrode 
layer suffices the first gate electrode layer 5, for example, 
an acidic etchant of phosphoric acid , acetic acid and water, 
and alkaline etchant mainly composed of tetra methyl ammonium 
hydroxide (TMAH) may be used. 
[0056] 

[Advantage of the Invention] 

According to the invention, as described above, 
advantageously it is possible to manufacture a thin film 
transistor which will now lower the insulating characteristics 
of the interlayer insulation layer by controlling the end face 
shape of the laminated gate electrode of the lower layer metal 
film mainly composed of Mo and the upper layer metal film mainly 
composed of Al. 

Prief Description of the Pr^wjngs ; 

Figs. 1A to ID are sectional views showing a 
manufacturing process for a thin film transistor according to 
the embodiment 1 of the invention; 

Figs. 2A to 2D are sectional views showing a 
manufacturing process for a thin film transistor according to 
the embodiment 2 of the invention; and 

Fig. 3 is a sectional view of a thin film transistor 
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according to the prior art. 

[Description of the Reference Numerals and Signs] 
1: glass substrate 2: semiconductor layer 3: 
source-drain region 4: gate insulation layer 5: first gate 
electrode layer 6: second gate electrode layer 7: 

photoresist 8: interlayer insulation layer 9: source-drain 
electrode 10: LDD region 



31 



FIGURE 1A: 
EAVES-SHAPED 

FIGURE IB: 

AFTER SIDE ETCHING 

FIGURE 1C: 

P ION IMPLANTATION 

FIGURE ID: 

INTERSECTING PART OF GATE ELECTRODE LAYER AND SOURCE-DRAIN 
ELECTRODE: GOOD COVERAGE OF INTERLAYER INSULATION FILM 

1: GLASS SUBSTRATE 

2: SEMICONDUCTOR LAYER 

3: SOURCE-DRAIN REGION 

4: GATE INSULATION LAYER 

5: FIRST GATE ELECTRODE LAYER 

6: SECOND GATE ELECTRODE LAYER 

7: PHOTORESIST 

8: INTERLAYER INSULATION LAYER 

9: SOURCE-DRAIN ELECTRODE 

FIGURE 2A: 
EAVES-SHAPED 
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FIGURE 2B: 

P ION IMPLANTATION 

FIGURE 2C: 

AFTER REMOVAL OF SECOND GATE ELECTRODE LAYER 
FIGURE 2D: 

INTERSECTING PART OF GATE ELECTRODE LAYER AND SOURCE-DRAIN 
ELECTRODE: GOOD COVERAGE OF INTERLAYER INSULATION FILM 

FIGURE 3: 

INTERSECTING PART OF GATE ELECTRODE LAYER AND SOURCE-DRAIN 
ELECTRODE: POOR COVERAGE STATE OF INTERLAYER INSULATION FILM 
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